Aim: To compare the masticatory performance associated with different rehabilitation strategies for patients with edentulous mandibles. Methods: one portion of the test food "Optocal" was provided to groups: Natural Dentition (n = 15), Mandibular Fixed Implant-Supported Prosthesis with Maxillary Fixed Prosthesis (n = 8), Mandibular Fixed Implant-Supported Prosthesis with Maxillary Removable Prosthesis (n = 14), Mandibular Implant-Retained Overdenture with Maxillary Removable Prosthesis (n = 16), and Complete Dentures (n = 16). The portion was collected after 40 chewing strokes, and then passed through a stack of eight sieves with decreasing apertures. Masticatory performance was determined by weighing the portion of food on each sieve. Results: the masticatory performance was: 71.00% for Natural Dentition, 41.57% for Mandibular Fixed Implant-Supported Prosthesis with Maxillary Fixed Prosthesis, 31.44% for Mandibular Fixed Implant-Supported Prosthesis with Maxillary Removable Prosthesis, 27.70% for Mandibular Implant-retained Overdenture, and 14.33% for Complete Dentures. The data were statistically compared using Student's t-test (p < 0.05). Natural Dentition and Complete Denture groups were statistically different from all other groups, with the Natural Dentition and Complete Denture groups exhibiting the highest and lowest masticatory performance values, respectively. Conclusions: Osseointegrated implants improved the masticatory performance of all implant-supported groups compared to the Complete Dentures group.
Introduction
Digestive enzymes and proper mastication must transform complex molecules into simple structures 1 . Deficient masticatory function often forces an individual to choose foods that are easier to chew rather than foods that fulfill daily nutritional needs. Complete denture wearers commonly avoid hard foods 2 , which typically leads to a poor-quality diet 3 . Even when these patients try to eat hard foods, they swallow larger portions, which decreases nutrient absorption and may not provide enough nutrients to maintain good general health 4 . Swallowing larger portions of food also increases the risk for gastrointestinal problems and diseases related to malnourishment 3, 5 . However, gender-specific interventions and counseling aimed at slowing the rate of ingestion could be promising behavioral treatments for obese persons 6 .
For an edentulous patient, good masticatory performance is the most difficult function to reestablish. Prior to the development of dental implants, the only option was complete dentures. Oral rehabilitation using dental implants provides better retention and stability to prostheses. Previous studies have evaluated the effect of missing teeth on masticatory function [7] [8] [9] , but comparisons among these studies are difficult because the methods were not standardized. The sieves method, use of natural test food, the Optocal 10 and optical scanning 11 are the most usually employed test foods to evaluate masticatory efficiency.
The aim of this study was to compare masticatory performance between different rehabilitations for patients with edentulous mandibles. The hypothesis of the present study was that masticatory performance in patients with complete dentures would be improved by dental implants to retain and/or support the prosthesis.
Material and methods
The Federal University of Uberlândia Research Ethics Committee approved this research (141/07). A written, informed consent was obtained from each subject before the tests. Five groups of subjects were enrolled in this study: (ND) natural dentition or control group (n = 15, 20-28 years old), (ISP-F) mandibular fixed implant-supported prosthesis with maxillary fixed prosthesis (n = 8, 55--80 years old), (ISP-R) mandibular fixed implant-supported prosthesis with maxillary removable prosthesis (n = 14, 55-80 years old), (OD) mandibular implant-retained overdenture and maxillary complete denture (n = 16, 30-76 years old), and (CD) mandibular and maxillary complete dentures (n = 16, 30-76 years old).
All prostheses were made at the Dental School of Federal University of Uberlândia 3 to 48 months before the tests were conducted. Prior to implant treatment, rehabilitation strategies included partial or complete removable prostheses that were used for approximately 2 years. Twelve patients in both ISP groups received immediate loading of the implant prostheses.
The control group comprised 15 subjects with natural dentition. Subjects had all their second molars, no prior orthodontic treatment, and no signs or symptoms of traumatic occlusion, periodontal disease or temporomandibular dysfunction. Exclusion criteria for the CD and ISP groups were any signs or symptoms of temporomandibular dysfunction.
Methods used in this study have been previously published 9 . Masticatory performance of all subjects was determined by chewing cubes of Optocal test food for 40 sequential strokes. Preparation of the Optocal test food has been also already described 9 . After mixing all components, the homogenized paste was placed in an aluminum mold 12.5 ´ 12.5 cm and 0.56 cm deep. Samples were placed in an electrical stove at 65 °C for 16 h to ensure complete polymerization. Cubes were obtained using a device developed by the School of Mechanical Engineering of the Federal University of Uberlândia. Shore A durometer (Mitutoyo, São Paulo, SP, Brazil) was used to confirm the hardness of the Optocal food, which ranged from 30 to 35 shore-A units. Each portion consisted of seventeen cubes.
During the experiment, subjects were comfortably seated in dental chair, and instructed to chew normally. The test food was provided in one portion of 17 cubes (~3 cm 3 ). After 40 masticatory strokes the chewed particles were spit into a 300-mL plastic cup. The subject was then asked to rinse his/ her mouth carefully with water, which was spit into the same cup. The examiner confirmed clinically that no pieces of test food remained in the oral cavity. The triturated particles were disinfected with 2% chlorhexidine solution (Pharmus, Uberlândia, MG, Brazil), according to a previous study 12 .
The chewed particles were passed through a stack of eight sieves (Bertel, São Paulo, SP, Brazil) with apertures that ranged from 5.6 to 0.5 mm. Food particles were placed on the upper sieve and washed with 1000 mL of water for 30s. The sieves were then placed on a dental laboratory vibrator (Vibramold, São Paulo, SP, Brazil) set at 1/2 speed for 2 min. Chewed particles from each sieve were then collected and placed in individual rigid plastic recipients (2 cm diameter and 1 cm high). The particles were dried in an electrical stove at 60 °C for 3 h. After drying, the particles from each recipient were weighed on an analytic scale (Sauter KG, Ebingen, Germany) with 0.0001 g accuracy.
Based on the weight of Optocal retained on each sieve, the geometric mean diameter (GMD) of the chewed particles was calculated using Excel (Microsoft, Redmond, WA, USA). Superior masticatory performance was considered as breaking up the test food into smaller particles.
To quantify particle reduction during chewing, it was necessary to define the maximal GMD value. It was therefore simulated a situation in which all particles remained intact after chewing and were retained on the first sieve (5.6 mm). The maximal particle GMD was defined as 6,660 µm. For each patient, the mean particle-reduction value was the difference between GMD and 6,660 µm (maximum possible GMD). To compare masticatory performances of ISP-F, ISP-R, OD, and CD groups to the control (ND), the particle reduction of the ND group was considered as 100%.
Since the data followed a normal distribution, a parametric test was used for the objective analysis. The differences between groups were analyzed using the Student's t-test (α≤ .05), performed with SPSS 15.0 (SPSS, Chicago, IL, USA).
Results
The masticatory performance test revealed a statistically significant difference between ND and all other groups. CD group also exhibited a statistically significant difference in relation to all other groups. No significant difference was shown between ISP-F group and ISP-R or OD. ND group demonstrated the highest value for masticatory performance and the CD group was the least effective (Table 1) . Figure 1 shows the corrected masticatory performance values after the ND value was set as 100%. 14.33 14.42 (C) *Different letters indicate statistically significant differences (p < 0.05). Table 1  Table 1  Table 1  Table 1  Table 1 -Masticatory performance (%) associated with each group. 
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Discussion
The hypothesis of the present study was accepted, since the dental condition influenced the masticatory performance. The number of teeth rather than the extension of occlusal restoration 13 , the number of posterior teeth and the type of antagonist 14 influence the chewing performance. Subjects with natural dentition showed the highest level of masticatory performance 2 . To set the masticatory performance score of the ND group to 100%, a group of patients with natural dentition was selected for the present study, with the highest level of masticatory performance. It is important to emphasize that even the ND group did not achieve 100% masticatory performance (Table 1) , explaining the importance of higher numbers of chewing cycles before swallowing, decreasing the risk for gastrointestinal problems and diseases related to malnourishment 3, 5 . For populations with fewer resources, complete dentures are often the only choice for edentulous mandible rehabilitation. Therefore it is necessary to improve the conventional management of edentulous patients. Although a large number of edentulous patients are satisfied using complete dentures, a small number of patients are unable to adapt 15 . The best option for these patients is the dental implant. For other patients, the knowledge of their level of masticatory performance could help them choose between treatment strategies, and a period of adaptation, before choosing a treatment with dental implants, should be considered 16 . When possible, the implant-retained overdenture should be offered to edentulous patient to provide a better masticatory condition rather than a complete denture.
Patients with complete dentures often complain about the lack of retention and stability. These events are associated with aging, loss of muscle strength, reduced salivary flow and other factors, often forcing individuals to change their dietary pattern by choosing soft foods. This could lead to patient malnutrition 8 . In this study, patients with complete dentures exhibited only 20% of the masticatory performance of individuals with natural dentition. This finding raises questions about the efficiency of complete dentures in providing satisfactory oral rehabilitation. Oral rehabilitation with dental implants leads to better masticatory function in edentulous patients 17 . Previous study 18 revealed a decrease in electromyographic amplitude for the masseter muscles during swallowing in elderly individuals with mandibular fixed implant-supported prostheses. This may indicate adaptation to new conditions of stability provided by fixation of the complete denture in the mandibular arch. Studies have demonstrated that the retention of complete dentures also influences the masticatory performance level of patients 19 , and treating complete denture wearers with implants to support the denture improves the chewing efficiency, increases maximum bite force and improves satisfaction 20 . A multidisciplinary approach is necessary to evaluate the general health of patients with "poor oral condition" and to determine how chewing performance has affected their systemic health. The digestive system depends on the stomatognathic system, and the dentist must inform patients about the importance and potential benefits of improving the retention and stability of complete dentures by installing two dental implants, at least. This is a simple treatment that could improve a patient's masticatory and psychological condition 19 . The present study indicated that subjects with natural dentition exhibited better masticatory performance than completely edentulous patients, but the use of osseointegrated implants improved the masticatory performance of all implantsupported groups when compared to the CD group.
